Introduction
The transient retention of the ovum/embryo in the ampulla of the human Fallopian tube is a distinct feature of the human reproductive process (Cheviakoffer al, 1976; Croxatto et al, 1978) . This delay in oviducal transport suggests a sphincter-like function of the ampullary-isthmic junc¬ tion and the isthmus. The factors controlling the complex motility pattern of this part of the human oviduct are still largely unknown, but ovarian hormones (Lindblom, Hamberger & Ljung, 1979a; Marshall, 1981; Helm, Owman, Sjöberg & Walles, 1982a) , local prostaglandin synthesis (VastikFernandez, Gimeno, Luna & Simeno, 1975; Lindblom, Hamberger & Wiqvist, 1978) and adrenergic and peptidergic nerves (Lindblom, Ljung & Hamberger, 1979b; Helm, 1981 ; Marshall, 1981) may be involved. However, irrespective of the actual agent affecting the smooth muscle cell, a final control of the activity of the contractile proteins is exerted by the concentration of free calcium in the cytoplasm (see Bolton, 1979) . Depending on the agonist and the smooth muscle involved, contraction. Two main classes of such membrane channels are recognized : one type is activated by changes in membrane potential, the potential-sensitive channels, whereas the other is activated by the agonist-receptor interaction, the receptor-operated channels. The potential-sensitive channels are more or less specifically blocked by calcium antagonists, thereby allowing a differentiation of these mechanisms (Bolton, 1979) .
In addition to the membrane channels allowing calcium entry, intracellular sources of calcium may contribute to the cytoplasmic free calcium. In vascular smooth muscle, a significant part of the calcium mediating the noradrenaline response may be released from this source (van Breemen, Farinas, Gerba & McNaughton, 1972) and, in the myometrium, oxytocin and prostaglandin (PG) F-2a may release calcium from intracellular stores by a direct action (Carsten, 1974) . However, studies on *5Ca2+ exchanges in the rabbit oviduct were inconclusive as to the source of the calcium involved in contraction (Hodgson & Daly, 1976 While all longitudinal muscle preparations were investigated on the day of the operation, 6 out of 80 circular strips (from 2 patients) were stored overnight at 4°C in Krebs' solution and studied the following day ; these preparations were only used for repeat experiments to check previous results.
Solutions. The normal Krebs' solution consisted of (mM): NaCl 119, KC1 4-6, NaHC03 15, CaCl2 1-5, MgCl2 1-2, NaH2P04 1-2, glucose 11. The K+ depolarizing Krebs' solution contained (mM): KC1 127, NaHC03 15, CaCl2 1-5, MgCl2 1-2, NaH2P04 1-2, glucose 11. In 'Ca-free' solutions CaCl2 was omitted, and 0-01 mM-EGTA was added.
Drugs used. The PGF-2a (Dinoprost) was from Upjohn, Crawley, U.K., the noradrenaline (Noradrenaline) from DAK, Copenhagen, Denmark, the propranolol (Inderai) 
Noradrenaline-induced contractions
The experiments involving noradrenaline were performed in the presence of 10 pM-propranolol, a concentration that by itself did not influence the spontaneous activity of the muscles.
In longitudinal muscle strips, 0-01-0-1 pM-noradrenaline induced a mainly tonic response, sometimes with superimposed, phasic contractions. At concentrations of 1-10 pM, the drug pro¬ duced an initial tension peak which slowly decreased. In circular muscle strips 0-01-OT pMnoradrenaline enhanced spontaneous contractions. At higher concentrations of noradrenaline (1-10 pM), these contractions were superimposed on a rise in tone (Text- fig. 3a, b) . At repeated exposures to 1 pM-noradrenaline, the induced contraction amplitudes decreased slightly (about 5%) in the circular and longitudinal muscle preparations.
Contractions induced by In longitudinal muscle strips, 0-01-10 pM-PGF-2a induced a mainly tonic contraction which gradually decreased (Text-fig. 3c ). In circular muscle strips 0-05-0-1 pM-PGF-2a enhanced sponta¬ neous activity. At higher concentrations of the hormone (1-10 pM), the phasic contractions were superimposed on an increased basal tone (Text- fig. 3d ). At repeated stimulation with 1 pM-PGF-2a there was a decrease of about 5% of the contraction amplitudes in both types of preparation. Effects of removal of calcium Spontaneous activity. In the circular muscle preparations, spontaneous activity was abolished 10-15 min after changing the medium to 'calcium-free' Krebs' solution (Text- fig. 1 ). When calcium (1-5 mM) was added to the medium, the spontaneous activity recovered within 15 min (Text- fig. 1 ).
-induced contractions. After changing the medium to calcium-free solution, the initial peak of the K+-induced response was abolished within 20 min in the circular and longitudinal muscle strips. Addition of calcium restored the tension peak of the K+-induced contraction within 20 min in longitudinal muscle strips, and after about 40 min in circular muscle strips. Removal of calcium during the development of the sustained phase relaxed both longitudinal (Text- fig. 2 ), and the circular strips completely.
Contractions induced by noradrenaline and PGF-2ct. After 20 min in calcium-free medium the responses to 1 pM-noradrenaline and 1 pM-PGF-2a in longitudinal muscle strips were nearly abolished, leaving a small increment in tone (Text- fig. 3 b, d ). In circular muscle strips, neither of the two components of the responses to noradrenaline or PGF-2oc could be elicited. Readdition of calcium (1 -5 mM) to the solution restored the responses to the two compounds in both preparations almost completely within 10 min (Text- fig. 2a, c) .
Effects of nifedipine
Spontaneous contractions in the circular muscle preparations were abolished by 1 pM-nifedipine (Text- fig. 1 ).
K+-induced contractions. In longitudinal and circular muscle strips, the initial tension peak of the K+-induced contraction was inhibited in a concentration related manner by pretreatment with nifedipine (2-9 nM-2-9 pM) for 15 min. When given at the sustained phase of the K+-induced contractions, 1 pM-nifedipine relaxed longitudinal (Text- fig. 2 ), and circular muscle preparations completely.
Contractions induced by noradrenaline and PGF-2ct. Pretreatment of the longitudinal muscle preparations with 1 pM-nifedipine decreased the response to 1 pM-noradrenaline by 30-50%, and also slightly reduced contractions induced by 1 pM-PGF-2a (Text- fig. 3a, c) . In circular muscle preparations, the phasic activity induced by 1 pM noradrenaline or PGF-2a was always abolished by pretreatment with 1 pM-nifedipine for 15 min, while the increase in tone produced by the two compounds was only partly decreased (Text- fig. 3b, d ).
Discussion
Despite the close anatomical proximity of the two smooth muscle layers of the human ampullaryisthmic junction, major differences in functional properties have been demonstrated between the two tissues (Lindblom et al, 1978 (Lindblom et al, , 1979a ). In accordance with these studies, the present results characterized the inner, circular smooth muscle of the human ampullary-isthmic junction as spontaneously active, and responding to PGF-2a and a-adrenoceptor stimulation by a phasic contraction, superimposed on a rise in tone at higher concentrations of the agonists. In contrast, these drugs produced mainly tonic contractions in longitudinal muscle strips. In the present investigation, this difference between the two preparations was further emphasized by the absence of regular spontaneous activity in the longitudinal smooth muscle, a finding that differs from those of other investigators (Lindblom et al, 1978 (Lindblom et al, , 1979a Helm, 1981) . Differences in dissection and mounting techniques may account for this, because the handling of the tissues may affect the local prostaglandin synthesis (Harper, Coons, Radicke, Hodgson & Valenzuela, 1980) .
The dependence of the mechanical activity of smooth muscle on extracellular calcium may be taken as an index for the relative importance of superficial and intracellular calcium pools in the excitation-contraction coupling (Devine, Somlyo & Somlyo, 1972 (Berthelsen & Pettinger, 1977; Wikberg, 1979; Starke, 1981) . It has been suggested that both types of -receptors occur in the human ampullary-isthmic junction (Helm et al, 1982b) . Evidence from several tissues suggests that ar eceptor stimulation is associated with calcium influx, whereas -receptor mediated activation is related to an inhibition of adenylate cyclase (Wikberg, 1979 (Wikberg, , 1982 Fain & Garcia-Sainz, 1980 (1981) . If the cytoplasmic free calcium concentration is accepted as the main regulator of the contractile protein activity, such a specific effect of nifedipine on certain components of a contractile response seems incompatible with a main effect of the compound on the calmodulin step. In the human ampullary-isthmic junction, therefore, the most important site of action of nifedipine appears to be at the membrane level. Accordingly, the present results suggest calcium influx through potential-sensitive channels in the circular smooth muscle cell membrane as an important step in the activation of spontaneous contractions as well as of phasic contractile activity induced by PGF-2a and -receptor stimula¬ tion. Tonic contractile activation in both muscle layers of the human ampullary-isthmic junction elicited by these agents seems more dependent on receptor-operated channels not readily blocked by calcium antagonists such as nifedipine.
